Background: There are limited data regarding associated factors of return to sports activities at more than 5 years after anterior cruciate ligament (ACL) reconstruction.
The primary goal of anterior cruciate ligament (ACL) reconstruction is to enable young athletes to maintain their preinjury sports activities. Nevertheless, it has been shown that return to preinjury sports levels was achieved in less than two-thirds of patients at 3 years 40 and in less than half at longer follow-up. 2 Furthermore, return to sports at 1 year after surgery was not indicative of maintaining high sports levels at longer follow-up. 2 To date, several studies have provided outcomes at 5 or more years after surgery.
k Yet, these studies were subjected to limitations, which included combining outcomes for heterogeneous graft sources 9, 33, 38 and for multiple surgical techniques, 14 referring to a wide range of ages for a reported outcome 9, 22, 31, 34, 42 or not indicating age, 25, 33 not differentiating between men and women, 9, 11, 17, 22, 25, 31, 34, 42 and lacking functional testing. 2, 9, 33, 38 In large cohorts, outcomes were limited to patient-reported questionnaires. 2, 38 Since results of ACL reconstruction might be affected by the type of graft, 15, 29, 30 surgical technique, 3, 7 patient age, 15, 19 and sex 6, 28 and since knee kinematics are sex specific, 21 conclusions drawn from such heterogeneous reports may be ambiguous and nonspecific.
Recently, the American Academy of Orthopedic Surgeons highlighted a specific group of interest with evidence-based guidelines on management of ACL injuries. 35 Surgical reconstruction was supported specifically for young adults aged 18 to 35 years using single-bundle intra-articular reconstruction with autologous hamstring graft and either a transtibial or an independent tunnel technique. 35 The current study was designed to be specific and evaluate this traditionally highly active population (18-to 35-year-old men) at 5 to 10 years after autologous hamstring transtibial ACL reconstruction. The objective was to identify factors associated with improved function and maintenance of sports activities at 5 to 10 years after the operation. We hypothesized that at 5 to 10 years, greater sports activity level and better knee function would be associated with greater preinjury activity level, younger age at reconstruction, absence of concomitant articular lesions, and minimal graft laxity at follow-up.
METHODS
Primary ACL reconstructions performed between 2004 and 2010 in a single sports medicine injury clinic were identified. All subjects received primary autologous quadrupled hamstring graft ACL reconstruction using a transtibial approach. For tunnel locations, the following principles were applied as suggested previously 4, 13 : The internal tip of the ACL tibia guide was placed 7 mm anterior to the posterior cruciate ligament (PCL), in line with the posterior edge of the anterior horn of the lateral meniscus, between the medial and lateral tibial eminences, planning the exit of the guide pin at the posteromedial aspect of the native ACL footprint. The external starting point of the guide pin on the tibia was midway between the tibial tubercle and the posteromedial border of the tibia. The femoral tunnel guide pin was drilled through a 6-mm offset femoral guide, which was placed at the 10:30 clockface position in the intercondylar notch and against the posterior femoral condyle cortex (this left a 1-to 2-mm back wall for graft tunnel diameters of 8-10 mm). All reconstructions were performed by the same surgical group that comprised 2 experienced sports injury and arthroscopy fellowship-trained senior orthopaedic surgeons. Inclusion criteria were (1) male sex; (2) ACL tear related to sport activity only; (3) age at surgery 18 to 35 years; (4) ACL reconstruction only, without concomitant ligament reconstruction; and (5) 5-to 10-year follow-up. Exclusion criteria were (1) contralateral ACL tear, (2) revision ACL reconstruction during follow-up or magnetic resonance imagingdocumented ACL graft tear with instability awaiting revision, and (3) another significant lower limb injury.
Patients were contacted for a follow-up evaluation in the clinic at 5 to 10 years after surgery. Demographic variables included type of sport activity at injury, time from injury to surgery, smoking status, age at operation, follow-up time, and meniscal and chondral lesions identified during surgery. Chondral lesion was considered "positive" for Outerbridge grade 2 or higher 26 in accordance with other longterm studies. 38 Tegner 39 and Marx 24 activity level scores were recorded before injury and at latest follow-up. Subjective functional outcome questionnaires included the International Knee Documentation Committee (IKDC) subjective score, 1 Knee injury and Osteoarthritis Outcome Score (KOOS), 32 and Short Form (SF)-36 score. 27 Side-toside anterior knee laxity difference was measured using a KT-1000 knee arthrometer (MEDmetric) with the knee at 25 of flexion and a 30-pound anteriorly directed force. The pivot-shift test 23 was graded as either 0 (no pivot shift), 1þ (pivot glide), or 2þ (pivot shift clunk). 18 All measurements were performed in all patients by 1 independent investigator (I.H.) who was not one of the surgeons who performed the index surgery. Limb symmetry index (LSI) was indicated for the single-leg hop for distance and the side-toside hop as recommended for this population. 6, 8 One hundred six patients fulfilled the initial inclusion criteria, of which 23 fulfilled the exclusion criteria during follow-up, leaving 83 patients eligible at 5 to 10 years after the operation. Of these 83 patients, 55 (67%) were available for study-specific follow-up evaluation (Figure 1 ). and all knee function and activity level outcome measures at follow-up, and IKDC subjective score versus Tegner and Marx activity level scores at follow-up. For Tegner and Marx activity level scores at latest follow-up, which were associated with multiple demographic and outcome measures, linear regression models were built to evaluate the relationships between the activity level score and all independent variables, which were significantly associated with the activity level score in the univariate analyses. Level of statistical significance was set at .05. All statistical analyses were performed using the IBM SPSS-22 software package.
Statistical Analysis

RESULTS
The preinjury median Tegner score was 7 and Marx score 12 (Table 1) . Forty-four (80%) patients tore their ACL playing soccer or basketball. Thirty-three (60%) patients had concomitant intra-articular lesions observed during surgery besides the ACL tear (Table 1) . Return to preinjury Tegner activity level was documented in 22 (40%) patients (Table 2) . Mean IKDC subjective, KOOS-knee symptoms, KOOS-pain, and SF-36 physical functioning scores were in the range 80 to 90. Mean hop symmetry indexes were "nearly normal." 10 No significant differences in any outcome measure were found between patients who did compared with those who did not have meniscus surgery. However, when 11 patients who had chondral lesions were compared with 43 patients without chondral lesions during surgery, the former showed inferior scores for IKDC subjective (71. 4 ± 14.3 vs 84.1 ± 11.5, P < .01), KOOS-knee symptoms (77.5 ± 10.7 vs 84.2 ± 13.8, P ¼ .04), KOOS-pain (81.6 ± 12.4 vs 88.3 ± 13.1, P ¼ .04), KOOS-sports (61.4 ± 21.8 vs 77.8 ± 18, P ¼ .02), and SF-36 social functioning (87.8 ± 13.7 vs 93.1 ± 12.8, P ¼ .04) at follow-up.
KT-1000 side-to-side difference at follow-up was a mean 2.7 ± 2.3 mm. In 47 (86%) cases, the side-to-side difference was 5 mm (Figure 2) , considered "normal" or "nearly normal." 10 Return to greater activity level was associated with younger age at operation (Figure 3) , greater preinjury activity level (Table 3) , minimal KT-1000 difference (Figure 4) , and negative pivot shift (Table 3) at follow-up. Linear regression models for Tegner and Marx activity level scores at latest follow-up versus all associated factors showed significant associations between return to greater activity level and greater preinjury activity level score, lower KT-1000 difference at follow-up, and negative pivot shift (Table 4) . To reduce the potential of patients with KT difference greater than 4.0 mm skewing the results, the regression analyses were repeated for the subgroup of patients with KT 4.0 mm (n ¼ 42). This showed that a greater Tegner score at follow-up was still correlated with higher preinjury Tegner score (correlation coefficient, 0.437; P < .01) and with lower KT (correlation coefficient, -0.344; P < .01) and pivot shift at follow-up (correlation coefficient, -0.241; P ¼ .04).
Positive correlations were demonstrated between IKDC subjective score versus Tegner and Marx activity level scores at follow-up (correlation coefficient, 0.27; P ¼ .04 and correlation coefficient, 0.32; P ¼ .02, respectively). Smoking status and time interval between injury and surgery were not associated with outcome measures (not significant for all comparisons).
DISCUSSION
The main finding was that greater activity level at 5 to 10 years after surgery was primarily associated with greater activity level before injury and with reestablishment of symmetric knee laxity and negative pivot shift. Among these, preinjury activity level had the strongest association (highest correlation coefficient value). This may be related to multiple factors such as improved postural control; greater motivation; more strict standards of training and rehabilitation, which likely characterize higher level athletes; as well as other factors. On the other hand, knee graft laxity at follow-up as a second important predictor of ongoing sports maintenance depends more on factors related to the surgery itself and the early phases of rehabilitation. Moreover, because preinjury activity level is a nonmodifiable factor once an injury occurs, focus should be applied to reestablishment of normal knee laxity, which should be at top priority from both the surgeon's as well as the athlete's perspective to improve the athlete's chances of maintaining desired high-level sports activities. In this regard, a resilient graft with high tissue quality should be used with restored anatomical insertions and firm fixations at the graft-bone interface followed by the implementation of individualized task-based instead of time-based rehabilitation principles to avoid reinjury at the early phases before graft healing and maturation with sufficient neuromuscular recovery occurs. 12 Exploring specific factors responsible for increased side-to-side knee laxity in some cases of this series was beyond the scope of the study. Nevertheless, poor graft tissue quality was unlikely a reason for increased laxity at follow-up since only autograft tissue was used with a measured quadrupled graft diameter of 8 mm in all cases but 1, which corresponds to the accepted diameter threshold associated with reduced failure rates in hamstring ACL reconstruction. 5 Inaccurate tunnel placement could nevertheless be a reason for increased laxity in some of these cases, but tunnel location was not systematically evaluated on radiographs or other imaging in this series. As for rehabilitation, although all patients received guidelines that focused on closed kinetic chain strengthening during the first 3 months after surgery, the actual rehabilitation was not strictly and systematically supervised.
The relationships observed between greater activity levels and lower KT differences at latest follow-up are, to the best of our knowledge, a new finding that supports the value of the instrumented knee laxity test as a meaningful outcome measure for assessing likelihood of maintaining high-level sports activities at this relatively long followup. Others did not identify significant association between KT difference and level of activity at minimum 2-year follow-up and concluded that only elimination of the pivot shift but not normalization of KT difference was a valuable measure of ligament laxity, which was associated with greater activity level at follow-up. 18 That study, however, was not specific in relation to graft source (25 patients had autologous hamstring grafts and 177 had autologous patellar tendon grafts), sex (57% men), age (range, 14-60 years), and instrumented knee laxity examinations (assessment performed by 4 assistants), 18 all of which may have been masking relationships between instrumented knee laxity tests and return to activities that were identified in the selective group tested in this study. The variation in follow-up KT difference in this series is similar to another observation at 7 years after ACL reconstruction with similar graft source, 22 which supports the generalizability of the study. Results appear in parentheses for subgroup regression analyses of only patients who had KT side-to-side difference 4.0 mm (n ¼ 42) using 4 independent variables: Tegner preinjury score, KT side-to-side difference, pivot grade, and age at operation. 
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Concomitant meniscus tears or chondral lesions were not associated with activity levels at follow-up, although chondral lesions were associated with inferior IKDC subjective, KOOS, and SF-36 scores. Thus, maintaining highlevel sport activities was primarily achieved via reestablishment of normal knee laxity, regardless of accompanying chondral lesions. One explanation could be that knee impairment due to chondral lesions (ie, primarily pain) might be managed by modalities such as muscle strengthening, shoe wear, intra-articular injections, and other medications, while abnormal knee laxity can hardly be managed in these chronic cases and may therefore be more critical in preventing ongoing participation in cuttingpivoting sports. It should be remembered, however, that there were 11 patients with chondral lesions of the 55 patients in this cohort, so there is also potential for a type-2 statistical error (ie, a false negative interpretation). The adverse effect of chondral knee lesions on subjective outcomes after ACL reconstruction corresponds with other studies that showed that chondral lesions were more detrimental to subjective knee scores compared with meniscal resections at 5 to 15 years after ACL reconstruction. 36 Younger age at operation in this 18-to 35-year-old group was associated with maintenance of greater activity level only in the univariate analysis (with a relatively low correlation coefficient) and not in the linear regression model, which then accounted for all associated factors. This supports viewing the 18-to 35-year-old population as a single age group for the purpose of exploring predictive factors of ongoing high-level sport activities after ACL reconstruction at 5 to 10 years, and it is supported by others who were viewing this age group as relatively homogeneous in this respect. 35 Hop tests indicated normal LSI values, 10 corresponding to previous assessments at 5 or more years after hamstring ACL reconstruction, 11, 17 and were not associated with other outcome measures. Nevertheless, while these tests were selected based on previous recommendations, 6, 8 it is possible that both tests were not sensitive enough to identify functional deficits. Eccentric hamstring tests may have been more sensitive in this respect, but this was not performed. Furthermore, the successful completion of a criterion-based rehabilitation program with quadriceps strength assessment using a knee dynamometer was not performed, so quadriceps strength deficits may have existed in some patients.
Smoking was not associated with worse outcomes, which corresponds with some previously published data 16 but opposes others. 19, 38 We therefore recommend being cautious in interpreting this finding and advise to cease smoking before undergoing this type of reconstructive surgery based on previously discussed adverse consequences of cigarette smoking on orthopaedic surgery. 20 In terms of KOOS-activities of daily living and SF-social functioning, excellent scores were documented, but in terms of return to sports, 40% of patients were active at their preinjury sports level based on the Tegner scale. This corresponds to a recent self-reported questionnaire-based study that showed 140 of 314 (44%) patients were participating at their preinjury level at 2 to 7 years after surgery. 2 Another study reported data after autologous hamstring ACL reconstruction at 7 years and showed a median Tegner score of 6 (range, 2-9), 22 which is slightly less favorable compared with the median score of 7 (range, 2-10) observed in this investigation. Lower scores in that study may be related to the fact that it referred to a heterogeneous population and incorporated both sexes as well as diversity of age groups (range, 15-59 years). 22 The current study further emphasizes the importance of reporting not only type of activity (eg, Tegner scale) but also frequency of activity (eg, Marx scale) in a young population as 2 distinct quantifications of sports participation. While 40% of patients were active at their preinjury Tegner sports level at follow-up, less than 20% were active at their preinjury sports intensity, as determined using the Marx scale. The pronounced decline in Marx score was also demonstrated in another study that showed marked decline in this score 2 to 6 years after ACL reconstruction. Of note, it is possible that not every case of decline in activity level score was a direct consequence of suboptimal knee recovery, and some patients may have modified their activities because of other reasons of changing lifestyle. This, however, was unlikely in most patients since positive correlations were demonstrated between subjective knee perceptions, as represented by IKDC-subjective score, versus latest activity levels, as represented by Tegner and Marx scores, which supports that patients with higher satisfaction and confidence regarding their knee function (ie, IKDC-subjective score) were also those who were involved in greater activity levels at follow-up and vice versa.
Limitations of this study include the retrospective design and the fact that only 67% of eligible patients were available for latest follow-up. Thirteen patients (12.3% of the initial 106 patient cohort) with contralateral ACL tear were excluded since side-to-side differences could not provide meaningful data. This is similar to other studies that documented an 11.8% occurrence of contralateral ACL tears at more than 5 years of follow-up. 41 This could have resulted in loss of well-functioning knees, since patients with particularly excellent rehabilitation after ACL reconstruction were shown to sustain 3-fold contralateral ACL tears compared with patients with slower recovery. 37 Another 9 patients (8.5% of the initial 106 patient cohort) were excluded in this study due to ipsilateral ACL graft tears, which is slightly higher compared with the 5.8% reported by others. 41 Moreover, long-term studies create difficulties in isolating outcomes of specific surgery because additional injuries can happen during follow-up. This was documented in 4 patients (3.8% of the initial 106 patient cohort) who sustained femoral and tibial fractures. Despite all exclusions, this investigation is still a larger series of young adult men at more than 5 years after autologous hamstring transtibial ACL reconstruction compared with previous investigations with fewer than 30 cases in comparable populations. 9, 11, 17, 33, 34, 42 CONCLUSION At 5 to 10 years after autologous hamstrings ACL reconstruction in young men, predictors of greater sports
